Introduction
Protected areas in many parts of the world are under increasing threat from climate change, unsustainable resource use, system impoverishment (e.g. air pollution, encroachment), habitat conversion (e.g. roads, buildings) and isolation as a result of increasingly intense land use along their borders (Carey, Dudley & Stolton 2000; Hansen & DeFries 2007) . For example, mammal populations in African protected areas (specifically eastern and western Africa) have declined significantly since the 1970s (Craigie et al. 2010) . Although mammal population abundances have generally been stable in southern Africa over the same time period (Craigie et al. 2010) , pressures on ecosystem services in the region continue to grow, including the use of such services for fresh water, food and fuel (Van Jaarsveld et al. 2005) . While many of the impacts of the pressures on ecosystem services are experienced outside of protected areas, protected areas themselves are not immune to the direct and indirect consequences of environmental change. Monitoring the status of, and threats to, biodiversity in protected areas is thus becoming increasingly important.
The measurement and monitoring of biodiversity in protected areas is generally aimed at, (1) assessing and improving the efficiency and effectiveness of conservation action, (2) informing management action and policy at both local and national levels, (3) providing evidence of conservation success and (4) strengthening the case for conservation among policy makers, funding agencies and land owners (Gaston et al. 2006) . In addition, biodiversity monitoring systems in protected areas are intended to provide early recognition of unforeseen changes that impact on biodiversity, and to contribute to understanding potential impacts of current and new activities on biodiversity. These data will also feed into national and international assessments of the state of biodiversity (Buckley et al. 2008) . Monitoring systems are thus necessary to both identify where policy or management intervention may be required, and to inform and evaluate the effectiveness of any interventions.
Monitoring is 'the collection and analysis of repeated observations or measurements to evaluate changes in condition and progress toward meeting a conservation or management objective' (Elzinga et al. 2001) . Monitoring systems for assessing the effectiveness of the management of protected areas broadly involves two approaches, (1) quantitative, measurement-based data collection obtained from in-field measurements (or, for example, from remote sensing) of some aspect of biodiversity or ecosystem process (a quantitative approach) and (2) qualitative, perception-based scoring of performance, conducted by managers and other stakeholders (i.e., a scoring approach) (Hockings 2003) . Both scoring and quantitative approaches are valuable in the protected area context (Buckley et al. 2008) . For example, the World Commission on Protected Areas Management Effectiveness Tracking Tool is a scoring system that is widely applied to protected areas across the world (Stolton et al. 2007) . South African National Parks (SANParks) has also developed and implemented a scoring process, that is, State of Biodiversity (SoB) management reporting, that is used to assess how well management targets within SANParks are being met. It is used as a broad-based, qualitative assessment of the implementation of park objectives (Goodman 2003; Hockings, Leverington & James 2006; Knight 2007) . However, to date SANParks has not yet implemented a quantitative, biodiversity monitoring system that integrates biodiversity management objectives and activities within and across national parks.
Here we outline a framework for guiding the development and implementation of a SANParks Biodiversity Monitoring System (BMS). In this context, the term 'biodiversity' includes all levels of the biological hierarchy, from genes to ecosystems, and includes structure, function and composition (Gaston 1996; Noss 1990) . It thus encompasses quantitative monitoring of not only the elements, but also the processes and mechanisms that generate, maintain and threaten biodiversity. As such, this framework provides, (1) the rationale for developing a SANParks BMS, (2) the organisational, national and international contexts within which the BMS is positioned, (3) an overview of the current status of biodiversity monitoring in SANParks, (4) an overarching structure and set of objectives for the BMS and (5) guiding principles and requirements for the development of monitoring programmes. Stages in the development of a BMS and the monitoring programmes that constitute it include scoping, design, testing and implementation phases, and the feedbacks between them (Mace et al. 2005; Reyers & McGeoch 2007; The Royal Society 2003) . The strategic framework presented here thus represents part of the scoping and design phase of a monitoring system for SANParks.
Context
SANParks' monitoring system must be cognisant of national and international biodiversity monitoring systems and programmes, while simultaneously focusing on the organisation's own mandate and management objectives (Reyers & McGeoch 2007) . Explicitly demonstrating how the SANParks BMS fits within the broader context, as far as is relevant, will ensure that monitoring retains a distinct profile within the organisation, and that it remains relevant and in line with global biodiversity monitoring standards.
SANParks' obligation to monitor is specified in the National Environmental Management: Protected Areas Act (Republic of South Africa 2003, Act 57 of 2003), in part, as: 'The management authority of a protected area must monitor the area against the indicators set in terms of established indicators for monitoring performance'. The performance indicators relate to, (1) the management of protected areas and (2) the conservation of biodiversity in those areas. The National Environmental Management: Biodiversity Act (Republic of South Africa, 2004, Act 10 of 2004) specifies that the requirements for biodiversity management are aimed at ensuring the long-term survival in nature of species or ecosystems and includes provision for the responsible person, organisation or organ of state to monitor and report on progress with such objectives.
South Africa has some history of environmental and biodiversity assessment, for example, the National State of the Environment Report (DEAT 2006) , the National Environmental Indicators Programme (DEAT 2002) , the National State of Forests Report (DWAF 2007) and the South African Environmental Observation Network (Van Jaarsveld et al. 2007) . Further, in keeping with our commitments under the Convention on Biological Diversity (CBD), South Africa has developed a National Biodiversity Strategy and Action Plan and a National Biodiversity Framework (DEAT 2005) . The National Biodiversity Monitoring Framework, together with the National Spatial Biodiversity Assessment (Driver et al. 2005 ) and the National Protected Areas Expansion Strategy (DEAT 2008) , form the basis for the National Biodiversity Framework. SANParks' BMS aligns closely with these national initiatives, and will therefore be in a position to inform national reporting on biodiversity (Grobler 2009 ).
Relevant international monitoring initiatives include, for example, those reporting on various targets set by the CBD (e.g., the 2010 Biodiversity Target, to achieve a significant reduction in the rate of biodiversity loss [Butchart et al. 2010; Walpole et al. 2009] Other national protected area agencies have also adopted quantitative biodiversity monitoring systems, such as Parks Canada's ecological integrity monitoring framework (Timko & Innes 2009 ). Australian protected areas have clear monitoring strategies linked to management plans, although monitoring remains largely decentralised to individual parks (Buckley et al. 2008) . By contrast, in the United Kingdom, the absence of systematically collected data in protected areas is currently considered to be a substantial hurdle to assessing their effectiveness (Gaston et al. 2006 ).
There are therefore clear international and national imperatives for monitoring the state of, and trends in, biodiversity, together with the success of management actions aimed at its conservation. As a significant role player in South Africa's biodiversity and conservation sector, SANParks' involvement in assessing the conservation and management of biodiversity in the context of the performance of protected areas is fundamental to the purpose of the organisation (SANParks 2006a). SANParks' strategic business is underpinned by the principles of adaptive management, that is, 'a management philosophy that places emphasis on strong goal-setting, integration of design, management and systematic monitoring in order to adapt and learn' (Biggs & Rogers 2003) . As part of the adaptive management system, each park has a management plan (submitted to the Minister of Water and Environmental Affairs) that outlines a series of higher-level biodiversity objectives. These objectives provide broad foci for the rationale and design of a BMS for SANParks (Table 1) .
Current status
Monitoring is one of the pillars underpinning SANParks' Strategic Adaptive Management (SAM) approach, where strongly goal-orientated park objective hierarchies are used to link science, monitoring and management (Biggs & Rogers 2003) . Monitoring, or 'regular state-of-the-system measurement', is pivotal to the success of SAM (Biggs & Rogers 2003) . SANParks has a long history of biodiversity monitoring, with several existing biodiversity monitoring projects and activities (Bryden & De Vos 1994; Durrheim 2009 ). Over 170 current and historical SANParks projects qualify as either monitoring projects or research projects that provide relevant baseline information for monitoring. Together with SANParks scientists, external agencies and researchers have made a significant contribution to this body of work, specifically to understanding ecosystem processes, compiling species inventories and conducting species-specific studies (Bryden & De Vos 1994) . These monitoring-relevant projects encompass a spectrum of individual researcher and organisational involvement and data ownership arrangements. In a number of instances, therefore, the data lie with external organisations and are not necessarily effectively integrated into SANParks' knowledge systems and management processes. In addition, little biodiversity monitoring and reporting (quantitative, rather than score-based) currently occurs at either biodiversity estate (i.e., the full suite of biodiversity and ecosystems under SANParks management), regional or organisational levels ( Figure 1 ). Investment in monitoring has also been unevenly distributed across environments and parks (as has research 
Generic Objective Description
(a) Representation of biodiversity and ecosystems Includes the description and inventory, as well as maintenance, of biodiversity composition and pattern. Also, the expansion of the park estate to include a representative sample of biodiversity features, evaluated against national targets.
(b) Ensuring persistence and sustainability Includes the consolidation and expansion of areas under protection, as well as the maintenance of park integrity. The protection of species and key areas supporting ecosystems and ecological processes.
(c) Enabling process and function Allows and manages ecological processes and functions to, as far as possible, follow their natural, variable course. For example, herbivory, disease, predation, pollination, dispersal, hydrological cycles, fire and biotic evolution. (e) Species of special concern Includes the conservation of rare, threatened and protected species.
(f) Restoration of pattern and process Includes rehabilitation of landscapes, restoration of system functioning and appropriate reintroduction and recovery of biota.
(g) Atmospheric and aquatic ecosystems Ensures the provision of, for example, required hydrological regimes (in-stream flows), air and water quality (measuring pollution and addressing sources thereof).
(h) Reconciling biodiversity objectives with other park objectives Includes resource use, development, tourism and recreation.
(i) Wilderness value The maintenance of wilderness qualities and specifically also areas defined as wilderness areas.
more generally, Bryden & De Vos 1994) . In most instances monitoring projects are designed for specific parks and in a few cases, for park clusters. This, in part, reflects the history of the organisation and the adoption and proclamation of new terrestrial parks and also marine protected areas. (Table 1) is not always clear, and existing projects do not currently address the full range of biodiversity objectives in park management plans (see also Buckley et al. 2008; Kapos et al. 2008) . For example, the rehabilitation of degraded areas is an important management objective in several parks, particularly more recently proclaimed parks (such as fynbos in plantation exit areas in the Garden Route National Park), but it is currently largely not monitored. By contrast, sustainable indigenous forest monitoring in the Garden Route National Park is well developed, and encompasses monitoring natural ecosystem changes and the effects of management activities (Durrheim 2009).
The design of a BMS for SANParks must therefore be led by strategic organisational objectives, rather than by existing monitoring activities. Several gaps exist, and stronger alignment with park and organisational objectives is required (Buckley et al. 2008) . Motivation for biodiversity monitoring is significantly strengthened when diverse monitoring objectives are placed within a coherent, overarching framework, such as that provided here. In addition to the absence of a strategic monitoring framework for the organisation, the most important reason to date for not implementing the required monitoring programmes has been the severe shortage of resources, both in terms of numbers of people to carry out the fieldwork, as well as a lack of the skills required to carry out extensive biodiversity surveys and associated data analyses (Field et al. 2007 ). The situation outlined here, while recognised as undesirable, is not uncommon to national protected area systems (e.g., Australia [Buckley et al. 2008] and the United Kingdom [Kapos et al. 2008] ). Nonetheless, it provides the principle motivation for the development and implementation of a BMS for SANParks that addresses and prioritises the full range of key biodiversity concerns, conservation, and reporting commitments and obligations across parks, taxa and environments.
Sanparks' biodiversity monitoring system
Monitoring systems must be objective driven, and the rationale for a particular monitoring programme can be expressed as a series of multiple, hierarchical objectives (Field et al. 2007 ). There are many ways of categorising monitoring objectives, for example, by taxon or by threat, by management objective, or by the scale at which the monitoring programme will operate. While there is no universally best way of doing so, grouping monitoring objectives is a critical first step in rationalising the inevitable multitude of monitoring requirements (Regan et al. 2008) . Different approaches to categorising monitoring objectives are usually complementary, and two main approaches (described below) were used to guide the design and development of 
The SANParks Biodiversity Monitoring System (BMS) will address objectives at several levels: organisational, biodiversity estate, regional and park-specific.
Most of SANParks' current biodiversity monitoring activities are at park level. Vertical arrows illustrate scaling and integration of objectives and indicators. The 'biodiversity estate' is the sum total of the area and its biodiversity, managed by SANParks. Thresholds of Potential Concern (TPCs) are a monitoring endpoint tool that define the upper and lower levels along a continuum of change in selected environmental indicators, and form the operational goals of a park's objective hierarchy (Biggs & Rogers 2003) .
the SANParks BMS and to identify Biodiversity Monitoring Programmes (BMPs) (Figure 2) . Firstly, the BMS was primarily designed to encompass the monitoring of key organisational biodiversity management objectives at various scales and across national parks. Table 1 provides a synthesis of the range of higher-level management objectives extracted from SANParks' Park Management Plans (SANParks 2008). All protected areas managed by SANParks explicitly have biodiversity as a management objective, and most include biodiversity representation, process and sustainability in their objective hierarchies. The similarity of broad objectives across parks means that monitoring programmes may be identified and designed that are applicable to more than a single park. This approach has the following advantages, (1) it provides comparative information on the status of, and trends in, biodiversity across parks, (2) it provides information on the biodiversity estate and facilitates the interpretation of monitoring outcomes within a biome and regional context ( Figure 1) and (3) it is more efficient than repeated, parallel investment in the development of monitoring programmes for individual parks.
Secondly, the BMS for SANParks must necessarily encompass multiple objectives at different levels and different scales. For example, the following three objectives are hierarchically related, (1) to monitor the effectiveness of SANParks in conserving rare and threatened species (organisational level objective), (2) to monitor changes in the conservation status of species of special concern in the fynbos biome (biodiversity estate/regional level objective) and (3) to monitor changes in the conservation status of bontebok in Bontebok National Park (park level objective) (as shown in Figure 1 ). These levels (organisational, estate, regional and park) do not necessarily form discrete categories, but do illustrate the hierarchical nature of monitoring needs and objectives (Figure 1 ).
Biodiversity monitoring programmes
The SANParks BMS comprises a series of BMPs (Figure 2) . A monitoring programme encompasses one or more objectives with a common underlying rationale and usually more than a single measure or indicator (Heink & Kowarik 2010) . Together, the set of programmes (i.e. the monitoring system) addresses the broad range of SANParks' biodiversity monitoring priorities (Figure 3 ). Table 2 ). After discussion of the need to group or categorise monitoring requirements, and the various models and approaches available for doing so, a list of monitoring programmes was compiled by soliciting proposals from all scientists present. This list was then examined and related proposals merged, resulting in a final list of 10 programmes 
Biodiversity Monitoring Framework

Organisational Reporting
Only selected primary linkages are shown to illustrate broad and multiple coverage of objectives by monitoring programmes. The Organisational Reporting Programme is broadly relevant to all objectives and draws on selected elements of other monitoring programmes.
FIGURE 3: Relationship between biodiversity management objectives (left) and Biodiversity Monitoring Programmes (right).
( Table 2) . The list was then put to a vote to prioritise the programmes and potentially reduce their number. However, although there were wide-ranging views on the relative priorities of the programmes, there was consensus that, together, the 10 programmes encompass priority monitoring needs within SANParks. The number of programmes to be developed and adopted thus remained 10.
The 10 programmes align strongly with park management objectives and are also strongly interrelated (Figure 3 ). For example, the Freshwater and Estuarine Systems Programme may rely on the Alien and Invasive Species Programme for alien monitoring in freshwater systems. The Habitat Degradation and Rehabilitation Programme and the Habitat Representation and Persistence Programme may work together, for example, on the impacts of adjacent land use on the park. The Climate and Climate Change Programme, in addition to its value in its own right, has the potential (via collation and reporting of weather and climate data) to support most other programmes. This interrelatedness between programmes, and the explicit integration of their design and outputs, is essential to maximise the knowledge gained and to achieve broader and more robust insights into ecosystem change (Biggs 2003; Buckland et al. 2005; Henry et al. 2008; Nielsen et al. 2009 ). Indeed, information generated by the BMS is designed to be integrated within and across both parks and programmes. Such integration will not only add value to the BMS, but will also streamline individual programmes and avoid duplication of effort. Although one of the 10 programmes selected is environment-specific (the Freshwater and Estuarine System Programme), terrestrial, freshwater and marine environments are integral to all programmes. Similarly, most programmes are likely to encompass the monitoring of a cross-section of taxa. Each BMP will be designed to adopt, as far as possible, relevant, common approaches, methods and reporting systems across parks. Information generated by BMPs may be integrated (aggregated and disaggregated) and synthesised for reporting on the biodiversity status of individual parks, park clusters or all parks (Table 3 ). The system is also flexible, such that new programmes may be identified and introduced over time. The BMPs will be designed following a set of guiding principles (Table 3) . These principles were adopted largely to ensure the relevance, efficiency, effectiveness and quality of the BMS. The programme design phase will be informed by subject and taxonomic expertise, as well as survey design, sampling design and statistical principles (e.g., Buckland et al. 2005; Elzinga et al. 2001; Field et al. 2007; Lovett et al. 2007) (Table 3) . Programmes are intended for medium-to long-term adoption (over several 5-yearly park management plan revision cycles), and must therefore balance priority monitoring needs with logistic feasibility and sustainability. Existing monitoring projects and activities will, wherever feasible and appropriate, be integrated into one or more of the 10 programmes. In addition, where monitoring approaches have been developed and tested, or are widely used elsewhere, these may be adopted. For example, well developed sets of indicators exist for marine protected areas and marine ecosystems (Moloney & Shillington 2007; Pomeroy et al. 2005) , as well as in the area of sustainable forest management (Durrheim 2009; DWAF 2005) . Established systems such as these may, as appropriate, be adopted or modified for use in SANParks' BMS. Each BMP will be formally proposed and independently reviewed prior to adoption. Programme proposals will include a description of context and rationale, objectives and methods, research and inventory needs, as well as a critical assessment of the strengths and weaknesses of the programme, and the indicators and measures that underpin it. Programme proposals will also include assessments of the capacity and funding requirements necessary to implement them, as well as assessments of relationships, overlaps and linkages between related programmes, and data management protocols. These BMP proposals serve several purposes, (1) they provide a means to solicit input, (2) they provide (in a single document) information that can be accessed readily and referenced, (3) they ensure continuity of implementation with staff changes and (4) they may be used to elicit support for the BMS (Elzinga et al. 2001) . Finally, effective data management and reporting is also key to the success of monitoring systems such as this, and data management protocols will be fully integrated into the development of the BMS.
Resource needs, capacity building and collaboration
The greatest challenge facing conservation-relevant monitoring is balancing the development of appropriate strategies with personnel, time and budget constraints (Buckley et al. 2008; Walker 2009 ). In fact, the monitoring that is carried out in protected areas has been shown to be more strongly correlated with resource availability than any other factor (Bruner et al. 2001; WWF 2004) . As outlined earlier, the assessment of resource and capacity needs will form part of the proposal development process for each BMP. Although existing resources, personnel and infrastructure will be used as far as possible, it is likely that a significant injection of both human and financial resources will be required for the SANParks BMS to be fully and effectively implemented. For example, the capacity for data management that is required by the BMS is far from sufficient to handle data from all 19 national parks. As is commonly the case elsewhere (Kapos et al. 2008) , the implementation of biodiversity monitoring in SANParks is constrained by a lack of personnel tasked with and qualified to collect data, to manage and archive data, as well as to analyse and interpret data to inform management.
The inadequate state of resources for biodiversity monitoring in SANParks reflects a countrywide shortage of resources, as reported in South Africa's Fourth National Report to the CBD (DEAT 2009). This report notes a significant shortfall in funds required for the implementation of South Africa's National Biodiversity Framework, which includes the priority actions of developing national biodiversity research and monitoring strategies, as well as strategies to address the widespread shortage of human capital in the biodiversity Figure 1 ), the rationale for their selection and the application of information generated by each programme.
BM Programme
Rationale Application
Biodiversity mechanisms
SANParks have as key mandate the maintenance of biological diversity. Most conservation actions take place at site level with implementing decisions taken at park level. Conservation actions focus on providing the opportunity for ecological processes to operate. If such processes are constrained, actions focus on restoring or mimicking these. Conservation actions thus focus on managing drivers that directly influence conservation objectives and specifically also those factors that modulate how drivers influence key objectives. Mechanisms underpinning a conservation concern are thus the key focus of most site-based biodiversity management actions. This programme will establish the mechanistic linkages between key conservation objectives for each park, how drivers work and what modulates the effect of drivers explicitly. Heuristic models are used to guide the identification and development of park-specific monitoring requirements across these linkages.
Identify key concerns for individual parks and as a result the relevant Thresholds of Potential Concern (see Figure 2 ) to be developed and implemented at a Park level. Inform park management and feed into and complement related monitoring programmes.
Species of special concern
Particular species may be of special concern because they are threatened or their conservation status is in decline. Such species include local endemics and otherwise rare and threatened species (IUCN 2009 ). Species may be of particular conservation concern for other reasons, including their functional significance, common species experiencing rapid decline (Nielsen et al. 2009; Gaston 2010) , or species occurring as disjunct populations in a specific area (see e.g. Geldenhuys 1992). Species loss from protected areas is a key measure of the performance of protected areas and of the effectiveness of conservation management more generally (Gaston et al. 2008) .
Inform management and feed into national reporting.
Freshwater and estuarine systems
Freshwater and estuarine systems are under intense pressure from increasing extraction as well as contamination from urban, agricultural and industrial return flows (Driver et al. 2005; Revenga et al. 2005; De Villiers & Thiart 2007) . Pressure on these systems is exacerbated by the climatic aridity of South Africa, along with climate change predictions that total annual precipitation in the region is likely to decrease (Schulze 2007) .
Inform park, provincial and national action and policy on freshwater management.
Alien and invasive species
Alien invasive species (IAS) are recognised as one the three principle threats to biodiversity, and both the number, extent and impact of IAS are increasing (Hulme 2009; McGeoch et al. 2010) . Monitoring introduction pathways, new introductions, the spread of alien species within parks, and the success of management intervention is crucial to the successful management of this threat to biodiversity (Foxcroft 2009; Foxcroft et al. 2009 ).
Inform policy and management and feed into national and international reporting.
Resource use
There is a historical relationship between protected areas, their resources and stakeholders, particularly against the South African backdrop of land ownership, social segregation and restricted access to resources (Fabricius 2004; Von Maltitz & Shackleton 2004) . The purpose of sustainable resource use in national parks is to contribute to improved human well-being (Naughton-Treves et al. 2005) . This includes encouraging people to manage their own resources better, and strengthening the links between human livelihoods, the value of conservation and sustainable resource use, with special attention to those peoples historically disadvantaged or marginalised by the South African protected area management authorities or their activities (SANParks 2008) . Resource use in terrestrial and marine environments differ significantly in terms of their drivers, impact and management. For example, recreational fishing is a key form of resource extraction in the marine environment (Lombard et al. 2004) with high economic value (Leipold & Van Zyl 2008) . Some forms of resource use also currently generate income for parks (timber and wildlife sales). However, this objective must be carefully balanced with the overarching biodiversity objective of parks. Unsustainable, inappropriate and uncontrolled use of national park resources can result in adverse impacts on biodiversity and undermine the ecosystem integrity of parks.
Inform use and management of resources in parks and meet national reporting obligations on sustainable resource use.
Habitat representation and persistence
Nationally, particular ecosystems may be of special concern because of their conservation status and poor level of protection within formal reserves (Driver et al. 2005) . At a park level, the patterns and processes that support ecosystem functioning within the park are directly dependent on the persistence of biodiversity and processes in areas around the park (Hansen & DeFries 2007) . Key issues include the fragmentation of habitat, integrity of linkages and corridors between reserves and along gradients required for climate change adaptation, and the potential impacts of external park developments and activities.
Inform policy, development plans and management action.
Habitat degradation and rehabilitation
This includes both the loss of habitat and decline in habitat quality as a consequence of, for example, inappropriate fire or herbivory regimes, alien species invasion, the loss of key biodiversity elements or ecosystem processes (Carey et al. 2000) . In some instances it is possible to reverse the effects of habitat degradation via ecological restoration (e.g. recovery of wetlands from old agricultural land and post alien clearing rehabilitation). Monitoring the success of the latter is critical, particularly given protected area expansion in some cases into areas with a history of alternative land uses.
Inform policy and management.
Disease
Disease is one of the natural complement of factors that affect plant and animal populations. However, human manipulation of plant and animal distributions, livestock and wildlife interfaces, and increasing individual stress as a consequence of declines in environmental quality all contribute to human-induced disease (Daszak et al. 2000; Bengis et al. 2003) . The term 'emerging infectious diseases' (EIDs) is now used to describe the global phenomenon of increasing incidence of previously unknown diseases, and changes in the distribution of known diseases (Daszak et al. 2000) . EIDs are thought to be driven by a combination of socio-economic and environmental factors (including, e.g., drug resistance and rainfall), and many EIDs are zoonotic and originate in wildlife (Jones et al. 2008) . Disease therefore poses a significant potential threat to both the security of protected areas, and the health of their biota.
Inform national and organizational policy and park management.
Climate and climate change
Climate plays a pivotal role as the basis for understanding biodiversity pattern and ecosystem processes (and thus often provides critical baseline data for other programmes listed here) (Bas et al. 2008; Lepetz et al. 2009 ). Global climate change has significant implications for human well being and biodiversity conservation. In particular, questions are being asked about the role of protected areas in the face of climate change, the impacts on them and possible mitigation measures (Midgley et al. 2007; Schulze 2007) .
Provide mechanistic basis for explaining trends in other indicators. Advise policy at national and organisational levels, and inform park management.
Organisational reporting
Various biodiversity monitoring activities are more appropriately reported for the whole national park system managed by SANParks than for individual parks. This is often because of reporting requirements arising from legislation, national conservation programmes or international conventions. Examples are, (1) the contribution of the national park system towards national targets set for the conservation of threatened biomes or vegetation types and (2) the role of the national park system in protecting species that are of concern to Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) as a result of international trade.
Meet reporting obligations and inform policy and management. 
Principle
1.
The BMS and Programmes that constitute it should be developed, where relevant, to align with and complement national and international monitoring systems (Teder et al. 2007 ).
2.
The BMS recognises that monitoring is required at multiple levels and scales and that monitoring objectives are often hierarchical. In this way, standard approaches facilitate aggregation of information across ecosystems and into organisational, national and global measures (Teder et al. 2007 ).
3.
Clear, rigorous and relevant sets of objectives, hypotheses and methods must be established for each monitoring programme (Nichols & Williams 2006) , with feedbacks between scoping, design, testing and implementation phases (Reyers & McGeoch 2007) .
4.
Monitoring programmes should be designed using best scientific practice and current understanding, and be supported by integrated, long-term and questiondriven research (Pringle & Collins 2004; The Royal Society 2003; Nielsen et al. 2009) .
5.
Where possible and appropriate design monitoring programmes using well-established, widely applied techniques and methods, that capitalise on technological developments (e.g., remote sensing, Margules et al. 2003; Soberon & Peterson 2009 ).
6. Minimum monitoring requirements should initially be established independently of current capacity and resource constraints, whereafter cost-effectiveness assessments, prioritisation and staged implementation options should be evaluated (Gardner et al. 2008 ).
7.
Few, well-implemented monitoring programmes (including the indicators and thresholds of concern that underpin them) are preferable to many under-developed programmes, or programmes that cannot be sustained because of capacity limitations (Biggs & Rogers 2003; Timko & Innes 2009 ).
8.
Planning for analysis, reporting, data management, archiving and programme integration must be incorporated as essential elements during the design of the BMS and its programmes (Spellerberg 2005; Field et al. 2007; Henry et al. 2008) . This includes planning for the translation of results and outcomes into actions and advice relevant to management and/or policy development, that is, to complete the adaptive management cycle.
9.
Monitoring programme proposals should be peer-reviewed prior to implementation, and thereafter should have regular review cycles.
10.
The BMS will not necessarily exclude other monitoring activities (current or future), and additional monitoring with highly localised and perhaps shorter-term objectives may be necessary. Where such activities and projects exist or are implemented, they will add value to and are likely to complement the BMS. However, where possible, such activities should be integrated into the BMS.
sector. Nonetheless, as James, Gaston & Balmford (2001) demonstrated, the cost of investing in conservation is small in comparison with the lost opportunities and environmental degradation in the absence of such investment (e.g., declining water quality, alien species invasion, human health costs of poor air quality). Biodiversity monitoring is essential to ensuring the effectiveness of this investment.
A further element critical to the success of the SANParks BMS is the continuation, strengthening and expansion of collaborative relationships with other agencies involved in biodiversity monitoring. This includes, for example, the South African National Biodiversity Institute, national departments, provincial conservation agencies, researchers and research organisations. The use of natural history societies, volunteer groups and citizen scientists in monitoring programmes has been shown to be highly effective, both internationally and in South Africa, with volunteers making significant contributions in this area (Bell et al. 2008; Braschler et al. 2010; Podjed & Mursic 2008) . The Honorary Rangers of SANParks is one such example, as are the citizen scientists that contribute to bird monitoring in South Africa and globally (see, e.g. www.adu.org.za).
Evaluation, feedback and reporting cycles
The approach that will be used to track and evaluate progress in the development and adoption of SANParks' BMS will be based on the evaluation and monitoring principles set for the organisation (SANParks 2006b). This approach adopts a logical series of steps to measure progress with the implementation of the BMS. It ensures ongoing assessment of the effectiveness of the framework and its implementation, and ultimately the organisation's mandate to enable informed and accountable decision-making through monitoring and analysis (Kapos et al. 2008) . As part of this process, the BMS should be regularly reviewed and evaluated, as is the case with park management plans.
Conclusion
The Biodiversity Monitoring Framework presented here maps the way forward for biodiversity monitoring in SANParks. As such, it is intended to play a significant role in guiding investment in research, monitoring, and resulting policy and management action in national parks for the foreseeable future. 
